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Abstract
Background Sleep-related disorders are among the impor-
tant risk factors for neurovascular diseases. Obstructive
sleep apnea syndrome (OSAS) is characterized by snoring,
excessive daytime sleepiness, and insomnia. Our aim was
to investigate the presence of glaucoma in patients with
OSAS and to reveal vascular pathology related to the
pathogenesis of glaucoma in those patients.
Patients and methods The study included 31 patients with
OSAS and 25 control subjects. Orbital Doppler ultrasonog-
raphy was used to determine the resistivity index (RI) in the
ophthalmic artery and central retinal artery. All patients and
controls underwent perimetric examination.
Results T h ep r e v a l e n c eo fg l a u c o m ai nt h eg r o u po f
patients with OSAS was 12.9% (4/31); all of these 4
patients with glaucoma were in the “severe” OSAS group.
No statistically significant difference was found between
ophthalmic artery resistivity index (OARI), central retinal
artery resistivity index (CRARI), and intraocular pressure
(IOP) between patients and controls (p>0.05). There was a
positive correlation between OARI and mean defect (MD),
CRARI and MD, and CRARI and loss variance (LV) values
(p<0.05). There was also a positive correlation between
IOP and the apnea-hypopnea index (AHI) (p=0.001).
Conclusions In patients with OSAS, a high prevalence was
found and it is interesting to note that all of the four
glaucoma patients were in the severe OSAS group. The
positive correlation observed between IOP and AHI
suggests that increased IOP values may reflect the severity
of OSAS. The positive correlation between OARI and MD
and also between CRARI and MD as well as LV suggests
that visual field defects may be due to optic nerve perfusion
defects and these field defects also increase as the RI
increases.
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Polysomnography
Obstructive sleep apnea syndrome (OSAS) is characterized
by snoring, excessive daytime sleepiness, and insomnia.
Epidemiological studies revealed a prevalence between 2
and 20%. Among the risk factors, obesity, male gender,
upper respiratory tract abnormality, consumption of alco-
hol, snoring, and thick neck are worth mentioning [5, 11,
12].
In previous studies, retinal vascular tortuosity and
congestion [7], floppy eyelid syndrome [3, 18, 22, 27],
keratoconus [22], papilledema, and optic neuropathy [2,
14, 20] have been described in patients with OSAS. It has
been stressed that OSAS may be a predisposing condition
for anterior optic neuropathy [14]. In a study, Mojon et al.,
i n v e s t i g a t i n g6 9p a t i e n t sw i t hO S A S ,f o u n dt h ei n c i d e n c e
of glaucoma to be 7.2% [21]. Onen et al. found a high
incidence (14.6–47.6%) of primary open-angle glaucoma
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Similarly, in another study by Mojon et al., the prevalence
of low-tension glaucoma (LTG) in patients with OSAS
was found to be 50% [23]. Recently, in a study from
Turkey, it was stated that OSAS is correlated with a pro-
portional decrease in retinal nerve fiber layer (NFL) [15].
The study’s aim was to investigate the ocular blood
flow in patients with OSAS since pathological ocular
blood flow has been suggested as a major mechanism in
the etiology of glaucoma and also to detect the glaucoma
prevalence in the study group.
Patients and methods
Patients were recruited from those who were referred for
suspected OSAS to the “Sleep Unit” of the Neurology
Clinic (Erciyes University Faculty of Medicine, Kayseri,
Turkey) between December 2003 and July 2004. These
were consecutively all patients referred to the Sleep Unit
during the 7-month period. A total of 42 patients were
evaluated during this period. Among these, 31 patients
fulfilled the inclusion criteria. The remaining 11 patients
were excluded from the study because they had at least one
of the exclusion criteria (such as those who had previous
eye surgery or laser treatment, who had any anterior or
posterior segment disease or a history of ocular trauma,
those with secondary glaucoma, history of chronic steroid
use, history of shock, and diabetes mellitus).
The study included 31 patients with OSAS and 25
healthy controls. Diagnosis of OSAS was made by the
Sleep Unit of the Neurology Clinic.
Atherosclerotic risk factors likely to affect ocular blood
flow such as hypertension, cigarette smoking, and high
blood cholesterol level were investigated in all subjects;
since it was impossible to completely eliminate these
factors in both groups, the distribution of these risk factors
was investigated and it was found to be similar between the
groups (chi-square: 1.97; p=0.16).
Criteria for the diagnosis of POAG were as follows (all
four of the criteria listed had to be present for inclusion in
the study):
1. A cup to disc ratio (c/d) over 0.5 or difference of c/d
between two eyes >0.2 with thinning of the neuro-
retinal rim; a careful search was made to detect the
presence of any disc hemorrhages to strongly support
the diagnosis. The c/d ratio and the optic disc
evaluation were derived with a +90 diopter aspherical
Volk lens by two independent examiners who were
masked to the condition of the patient.
2. Any of the detected visual field defects such as
localized defects, paracentral scotoma, Bjerrum scoto-
ma, nasal step, temporal sector defect, and diffuse
defect which cannot be explained by any neurologic or
fundus lesion.
3. Open iridocorneal angle.
4. An intraocular pressure (IOP) >21 mmHg without
treatment.
Diagnosis of normotensive glaucoma was made with
criteria similar to those stated for POAG except for the fact
that IOP was <21 mmHg without treatment.
The control group consisted of 25 age- and sex-matched
healthy subjects who were recruited from those attending
the eye clinic for conditions such as refractive errors, etc.
Control subjects had to meet all of the following ophthal-
mological criteria for inclusion in the study:
1. No IOP elevation over 21 mmHg
2. No evidence of glaucomatous optic nerve appearance
(no disc hemorrhages) and a c/d ratio less than 0.5
3. Normal anterior chamber angle on slit lamp and
gonioscopic examination
4. Normal visual field test results
5. No previous history of antiglaucomatous drug usage,
ocular trauma, ocular surgery, or laser therapy
Patients underwent orbital color Doppler ultrasonogra-
phy (Toshiba Power Vision 6000, Osaka, Japan) at the
Radiology Unit of the University. An 11-MHz linear
surface probe was used and the measurements were
performed between 12:00 a.m. and 13:00 p.m. The patient
was supine; eyes were closed and aimed at the ceiling under
the closed eyelids. Systolic blood velocity (PSV) and end-
diastolic blood velocity (EDV) were calculated in the
ophthalmic artery and central retinal artery; resistivity index
(RI) was calculated for the central retinal artery (CRARI)
and ophthalmic artery (OARI; RI=PSV-EDV/PSV).
Polysomnography was performed at the Sleep Research
Unit of the University; it was constituted by two EEG
channels, two EOG channels, one EMG channel recording
from the submental muscle, one nasal current channel, one
thoracic motion channel, one abdominal motion channel,
one oximeter channel, a microphone, two leg movement
channels from the right and left anterior tibialis muscles,
and video recordings made between 2300 and 0700 hours.
The parameter used was the apnea-hypopnea index (AHI).
Diagnosis of OSAS was made when the AHI was over 5.
When the AHI was between 5 and 15, OSAS was regarded
as “mild,” between 16 and 30 as “moderate,” and when it
was over 30, it was regarded as “severe.”
All the subjects in the study underwent a complete
ophthalmological examination including visual acuity, slit
lamp biomicroscopy, IOP measurement, gonioscopy, and
fundus examination. Perimetric examination was made with
the Octopus 500 EZ perimeter (Interzeag AG, Schlieren,
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strategy was used. Only phases 1 and phase 3 of the G1
program were used. The Octopus perimeter has a prior
education (preparation) program for possibly naive patients,
which was used for all patients who were naive to the
examination.
A factor based on the number of false-positive and false-
negative replies to the stimuli, and their ratio (<13%), was
used to determine reliability. Unreliable results were
retested on another day.
Disc analysis was made with the Heidelberg Retinal
Tomograph II (Heidelberg Engineering GmbH 2001,
software version 3.0, Heidelberg, Germany). Mean nerve
fiber layer thickness, rim area, rim volume, and linear c/d
ratio were noted.
All statistical analyses were carried out using statistical
software (SPSS, version 10.0 for Windows, SPSS Inc.,
Chicago, IL, USA). Differences were considered significant
at p<0.05. Student’s t-test was used for intergroup analysis;
chi-square, and Kruskal-Wallis, and Mann-Whitney U tests
for nonparametric tests; analysis of variance (ANOVA) was
used for the correlation analysis.
The study was conducted in accordance with the
Declaration of Helsinki and was approved by an Institu-
tional Ethics Committee.
Results
This study included 31 patients (7 female, 24 male) and 25
controls (7 female, 18 male). There was no significant
difference among the groups in terms of sex distribution
(Yates corrected chi-square=0.02; p=0.88). While the mean
age of the patient group was 52.07±9.35 years, it was
50.44±6.38 years in the control group; there was no
statistically significant difference between age distributions
among the groups (p=0.13, unpaired Student’s t-test).
There was no statistically significant difference between
the two groups with respect to the distribution of
arteriosclerotic risk factors and hypertension (Yates cor-
rected chi-square=1.97; p=0.16).
The prevalence of glaucoma was 4 of 31 OSAS patients
(12.9%). In two of these four patients, both eyes were
affected. One of these patients had normotensive glaucoma
and one had POAG. The other two patients had normoten-
sive glaucoma only in one eye. The other eyes had large
cupping without any visual field defect. All of these four
patients belonged to the severe OSAS group (AHI>30).
There was no significant difference between mild,
moderate, or severe OSAS patients in terms of OARI or
CRARI values (Kruskal-Wallis test p=0.961, p=0.774).
The patient and control groups did not differ significant-
ly in terms of CRARI and OARI or IOP (p>0.05; Table 1).
There was a statistically significant difference between
median IOP values of mild (10.5 mmHg; range: 9–
18 mmHg) and severe (14.5 mm Hg; range: 9–27 mmHg)
OSAS patients (p=0.031; Mann-Whitney U test).
When correlation was analyzed between variables, a
statistically significant correlation was found between
OARI and MD values (r=0.339, p=0.007, Fig. 1), CRARI
and MD values (r=0.246, p=0.05, Fig. 2), CRARI and LV
values (r=0.253, p=0.048, Fig. 3), and AHI and IOP values
(r=0.426, p=0.001, Fig. 4).
Discussion
This study aimed to investigate the prevalence of glaucoma
in patients with OSAS and also to investigate the
association of ocular blood flow with OSAS and glaucoma.
In previous studies, while the prevalence of glaucoma was
found to be 2% [8], no correlation was obtained between
respiratory disturbance index (RDI) and IOP. However,
many other studies found higher incidences and a positive
correlation between IOP and RDI. For instance, Mojon
et al. stated that there was a positive correlation between
IOP and RDI in 114 glaucoma suspects [21]. In our study,
similar to Mojon et al.’s study, there was a significantly
positive correlation between IOP and AHI (r=0.426, p=
0.001). In another study by Robert et al., which was carried
out with 69 patients with OSAS, prevalence was found to
be 7.2% [27]. At the same time, a strong positive
correlation was found between OSAS and lid hyperlaxity
[27]. In that study, incidence was 8.7% and six patients
were referred for glaucoma treatment [27]. In the study of
McNab et al. in which 8 patients with floppy eyelid
syndrome were investigated for OSAS and 20 other patients
with known OSAS were examined for floppy eyelid
Table 1 Comparison of
patients and controls with
respect to intraocular pressure
(IOP), ophthalmic artery
resistivity index (OARI), and
central retinal artery resistivity
index (CRARI)
Parameters Patient eyes
(mean ± SD) (n=62)
Control eyes
(mean ± SD) (n=50)
tp
IOP (mmHg) 13.37±4.37 14.00±4.31 −1.00 0.32
OARI 0.72±0.06 0.71±0.06 0.769 0.44
CRARI 0.69±0.06 0.70±0.05 −0.803 0.42
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was found that 1 of 8 patients with floppy eyelids had
normotensive glaucoma [18]. Onen et al. found a high
prevalence of sleep-disordered breathing (SDB) in POAG
patients [24]. When only snoring was taken into consider-
ation, the incidence of “only snoring” was 47.6%, “snoring
and excessive daytime sleeping” was 27.3%, and “snoring,
daytime sleepiness, and insomnia” was 14.6% [24]. Marcus
et al. also stressed that SDB may be a risk factor for low-
tension glaucoma (LTG) [17]. Mojon et al. found that the
prevalence of OSAS was 50% in LTG patients aged
between 45 and 64 years and 63% in those over 64 years
of age [23]. However, Girkin et al. [9] reported an odds
ratio of 2.02 for OSAS patients to develop glaucoma.
Similar to most of the above-mentioned studies, the
authors of the present study also found a high prevalence of
glaucoma (12.9%) in the study group of 31 patients
suggesting that OSAS in conjunction with a vessel disease
is an important risk factor for glaucoma.
The correlation between RDI and IOP was also
investigated by Geyer et al. [8]; the authors stated that
there was no statistically significant correlation [8]. On the
contrary, Mojon et al. found a positive correlation between
two variables [21]. We found a statistically significant
difference between AHI and IOP in mild and severe OSAS
patients. In our study, all four glaucomatous patients were
in the severe OSAS group with an AHI>30. In the patient
group, there was a positive correlation between OARI and
MD as well as CRARI and MD, and LV. Tsang et al. also
found that moderate to severe OSAS patients were
associated with a higher incidence of visual field defects
[29]. These results suggest that visual field defects may be
caused by optic nerve perfusion insufficiency and that when
RI increases, field defects also increase. However, there
was no significant difference between OARI and CRARI
values of patients and healthy subjects. This may suggest
that the effects of OSAS on body systems are seen not only
during sleep but also during daytime; pathological changes
may be more clearly documented if recordings and
ultrasonography can be made during the sleeping period
with a suitable technique to be developed in the future.
Hypoxia in OSAS is of intermittent character and the
thinning may occur in the progression of the disease in such
patients. Long-term follow-up of these patients in terms of
NFL thickness changes over time may clarify this issue.
Purvin et al. suggested that intracranial pressure increases
as a result of episodic nocturnal hypoxemia and hypercap-
Fig. 1 The positive correlation between ophthalmic artery resistivity
index (OARI) and mean defect (MD) in the patient group is
statistically significant (r=0.339, p=0.007)
Fig. 2 The positive correlation between central retinal artery
resistivity index (CRARI) and mean defect (MD) in the patient group
is statistically significant (r=0.246, p=0.05)
Fig. 3 The positive correlation between central retinal artery
resistivity index (CRARI) and loss variance (LV) in the patient group
is statistically significant (r=0.253, p=0.048)
Fig. 4 The positive correlation between apnea-hypopnea index (AHI)
and intraocular pressure (IOP) in the patient group is statistically
significant (r=0.426, p=0.001)
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of visual loss [25]. Since intracranial pressure increase in
these patients is of intermittent character, cerebrospinal
fluid pressure may be normal. In our group of patients,
visual field defects were detected in ten patients despite
normal ophthalmological examination. This may be due to
optic nerve damage caused by cerebral ischemia and
intermittent intracranial pressure increase in such patients.
Low diastolic pressure and systemic hypertension are
reported to be strongly associated with glaucoma [4, 6, 25,
26]. Some authors suggested that physiological nocturnal
hypotension, in the presence of other vascular risk factors,
can bring the optic nerve head circulation under the critical
levels and thus play a role in the pathogenesis of anterior
ischemic neuropathy and glaucoma [1, 10, 16, 28].
The pathogenesis of LTG is not clear; however, optic
nerve head hypoperfusion has been suggested as the cause
[30]. Hayreh stated that many systemic and ocular paralyses
occur at nighttime and may be realized when the patients
awaken early in the morning [13]. Furthermore, Hayreh
[13] and Meyer [19] suggested that nocturnal hypotension
might play a role in the pathogenesis of LTG.
In conclusion, in our group of patients with OSAS, a
high prevalence was found (12.9%=4 glaucoma patients of
31 OSAS patients) and it is interesting to note that all four
of the glaucoma patients were in the severe OSAS group.
The positive correlation detected between OARI and MD,
and also between CRARI and MD as well as LV, suggests
that visual field defects may be due to optic nerve perfusion
defects and that these field defects also increase as the RI
increases. The presence and progression of glaucoma
should be investigated particularly in patients with severe
OSAS in the long-term follow-up, and changes in retinal
nerve fiber layer thickness and ocular Doppler ultrasono-
graphic findings should also be monitored in such patients.
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